TI TLE HUMAN MULTI POTENT EMBRYONI C STEM CELL- LI KE PROGENI TOR CELLS
BACKGROUND OF THE | NVENTI ON 5Fi el d of the Invention [001] The present

i nvent i orwwoebetosssoto a popul ati on of precursor/progenit @CTaske13/056737
particularly enriched with nultipotent enbryonic stemcell-1ike nmesenchymal
common progenitor cells (MCPCs), and nethod for enriching the sane.
Description of Related Art 10[002]In regenerative nedicine, to identify a
source of stemcells of high safety and efficacy is the first step of the
devel opment of bio materials for repgrpgng and renewi ng damaged and
defective tissues. Human enbryonic stemcells (hESCs) can renmain

undi ff erent i dtENAN MUGATPUFEUT FMHERY QP ShEMet el lcbHEl PROFENTEAB begin to
spont aneously differentiate into vardgys types of cells, which is a good
indication that a culture of 15 enbryonic stemcells is a source for
produci ng various types oBAECKIGROUNBWEVEAE INVENSIONt an ef ficient way
becausec:to control the differen ryonic stemcells is required
(see: S%em Cells: Scientific Pr Eg?c%dsfg&alﬁgenﬁg?ure Research Directions.
Depar t nent [Q@fl] Healfhdn peeneht HueationSetaids des. populagorR0idreqursrp0gpives erltshy mal st em
cells, or ti el ate into
a variety ?ry nrm{éd %@Rﬁ?ﬁé gﬁénlch%t%Igt% élé??@mege% (I:I%l];l\? 53&% pose
tissue, Iup@geMneellliC@@s) alteimahoq)fokmnchmgtﬁtlsamd Cel I types that I\/BCS
have been shown to differenti n; laﬂl éko or in vivo osteobl asts,
chondrocytes, myocytes, adipo yetS%rép 1058 baFANancreatic islets cells. MSCs
wer e foond[aoQ] be ﬁra]regenefaubememmé rtowWenti®prseseadf dign ce]llsloﬁhlgﬁsﬁ%) andicl eat ed

cells. AIth h .nqt mmrt have .. 25 t he ilit and manyf ol d
Co ol ¢ or DRl e R el DB B R ant s 1 it SuveReas

Pi ttenger eimasged daBaicpneR dfdes. 14R8mbad RHiyondl §ehasts (HHBY) ics® kahe4l
mesenchymal (stem) cells were uniformy positive for 5H2, 5H3, CD29, CD44,
CD71, CDoOUndiargpfiatedpitoqyifuredmyndes apawaﬂﬁﬁﬁg)nd&méfr ang hegicle BPHRORYY whi | e

the mesenchyf®hiselihs WMRHE HF8adH &8s, fWliclPthe GodBIiRESorOfhat HRuRRERE OPOI eti
| i neage, including the 30 |ipopol ysacchari de recept ors CD14, CD34, and the

| eukocyf e EBROMC Al (8N SCDIBICCNBRIOdNGNS wElers BPedofisplls hdlawayeleds on of

many nol ecyles, éfﬁ@ikﬁl%e{&e@%é t@@&lt@tﬁeo(ﬁff@@ﬁha%ﬁ oPediBRbi® st cdilRgs
hemat opoi eti c nmarkers 5,

2012/ 054501@%%@9119!@66?@? SFZ4]thf a PWeSlSeW tiedire Waaseaeni ldrgcdorsesenchymal
stronal cebl mnhgﬁﬁ)ﬁ §er{7§?§seﬂfﬁl9¥0@1 stronmal cells could be

i solated fro acent a ace anti gen expression of these cells is
given in Téﬂ@Bb A lb@ks@mhyrsﬁowrmg:etlhair M€y, sranmaltipasiprees o€ Bhat COB4, CD14

and HLAY DR (RREAULS! By oPLAMOBL! 54260 13005 bt RPN okl Tabl e

A. Specific an gen express on a mal
stronal cehdhposarmdsula,ulnng) botomammew cientebmﬂp;hydrh]ooét r@&ihtb'pe:sehdtmee ve (>
95% Negat Caplice
(0 7790, 155 By P ORE N Onn. Gar i g "0 et Hw S mypbni t or
cells whi chdmmye:s,pmi beta/-@arfcm’atl@ﬁl&éts cHbWeWESGs Wwhre fommbthberuselie bbﬁ@r ogeni tor

cell's disclosed ¥ SBRhL CF 1216,000 hud O ALHE AR e Ror e enG IR 3¢ ol

25  the ability to expand manyfold in culture while retaining their growth and multilineage
potential. Pittenger et al. (Science 284, 143 (1999)) discloses that isolated mesenchymal
(stem) cells were uniformly positive for SH2, SH3, CD29, CD44, CD71, CD90, CD106,
CD120a, CD124, and many other surface proteins, while the mesenchymal cells were
negative for other markers of the hematopoietic lineage, including the

30  lipopolysaccharide receptors CD14, CD34, and the leukocyte common antigen CDA4S5.
MSCs are identified by the expression of many molecules including CD44 and CD105
and are negative for the hematopoietic markers CD34, CD45, and CD14.



stenf progenitor cells and said progenitor cells have limted
differentiation potential. [7] Lucas et al. (US 7,259,011 B2) taught

i sol at ed Worzare/qshaeoni pot ent adult stem cells (PPASCs) expcgaskog/o8D338, CD34,
CD56, and CD117. The PPASCs according to Lucas et al. did not express CD10,
CD14, and stage specific enbryonic antigen 15SSEA2. The PPASCs are not
characterized as nesenchynal stromal steniprogenitor cells, either. [8]
Hariri (US 7,468,276 B2) taught isolated human placental stemcells that
are OCT4+ md CD34¢+svad hepdHétBiaPhAaGRAt AheSh@EE slrsmall 8415080 hapakiar i ri
wer e 55EA3- and 55EA4- . %he human pl acental stemcells of Hariri were not
char act er i Skaiioals meweehmahitramal §F1rlsofﬁ§zlld 8¢ dyplyiedofemi Rlereni@e| The surfags Edi nger
et al. ( USaI?t%Q§/69[%QS§%ﬂ%f Ahoke Eléll%q;s §§/@1§ 1@@%‘1@@%‘1&@'[%0 HCRY cadfogm cel |'s

isolated from placenta. The placental stemcells accor t 0 Edi nger et
al . are nofxmeRh &rid CD:B?I‘}dCMGISmeeA@@t (Beedimh ehgvalrem [W&%PF@QO -3llssue

engi neeki nggpggn enriched popul ation of multipotent stemcells that 25are
juvenile and 8grol onged sel f-renewal are desired. SUMVARY OF THE | NVENTI ON
Accor di ngl ¥005t he Prilsent iSpeeficiaticpr ovpdesna aplpassagdst J-doforentniptni c st em
cell-like h j ' B of mul ti potent
human neseﬁ"‘%ﬁe%wl8%%’3’!104?%45\3@%%?‘?%?0@@ Iﬁmﬂf %@g&n%?%ngalce | s are isolated
froma hunﬁosns\@r(a@ﬁ%)tl ssue by a systeNe@tlse(@%) ng of human nmesenchynal
stromal ste 8:’ Ggeni tor—eeHs—FoelHHowne ceH——soertin R1¥) by a—ceHH anti gen
sel ected fpg)‘ Mt he group consi sting of 6%3 5 CD117, CD133, CD201,| A oboH
and conbi na;’mgn thereof, and cul tured [CcD3a nedi um suppl enented w tlh at

| east one nore steroj rlc and one orl mpre g owmh factors. |t wa
unexpect edpPl%und in the i nvention tH&P4 pol ulation of multipotent human
nmesenchymgl— common progenitor cel s (CGRphegras ~MCPCs™) expressed |CD34"
which is different fromknown hunman senchymal stromal (sten) cellls as not

expr essi ng[006CD34 Caftlive (MSPCF96453 P ftanghe blgpdedstivesh a@lmsmwéunslmier e-like
cl onogeni c d tigot, r tem
cel 15" Eoceiehfhol elit RAZRARE B0 B! FTRAT MBS FERER HRE, O,
provi dés aprogemﬁoc leelth giopoded tby obapdife argel mdtwbalectt:rmdrmnmse@mmhlymma&ommn
progeni tor s@ rg%gll\gp%s) a’ndwgdéFog {ifor tcgﬁ 1I qeda}? ff%ﬁ%ﬂ&b %(Fmtlag romal

stem pr ogenl avin eas Fow' ng - charatteristics:
15CD14+, COBA¥, CDidiF ¢t alCIDﬂSBB%S%(ACEIBBf@ughﬁﬁ)ﬂﬁt&d—hurfﬂ&ﬁﬁlumpbtenSSEﬂ&fem SSEA4+,

o oduct ng. LI (B enaa OB G [ oo GOrCiBE Nt Ul Sbese Gl di ng ¢ 0

t he invent i0Dycas @ial.i dd Mgt bgedsatdmig, 000 andstagnseoifiatdntbridnis uigby a

system n 20 senchymal str eni tor cells
foll owég §5§£2e{1ﬂ1 ggc}’ﬁ%a GrbyotLhpapterizer s é‘éeﬁe‘@g%aétsgamg% B‘E‘Péeltj‘iobup
consi sti ngc&ls, &igd4, CD117, CD133, CD201, d oboH and conbi nati on thereof,
and cul turi n%] in a nedium SUEEQ. enmented with at | east one or_nore steroids

sel ected f FR t he HgHBGES 882 4e Pabtaeght Folisdinpas peeia stairelhBpedt er ol and

one or nor ecauOWdIChHast orfe REhACHIRUntI Q8 OB GRIRI BPAS WeREIHA3ePi der mal
growt h factor Zﬁ,&ﬁEG:%;h fibroblast growh factor (F , insulin-like growh
binhe

factor (IGmd Sp Phape pPReetid rytepe gl sfvtinrin axarpmof Pogeferized 26,  and

thrombepoi gliddckyhRPhtrohd Ok Rldrfbcdfis £ t her aspect, the invention provides a
conposition conprising the enriched popul ati on of nultipotent human MCPCs

accordi ng t¥% he Edipesitd eh (Eﬁ@Q%@ﬂ%ﬁ@dAﬂhdlaql@flehmfeadhg@m@PdNQD%ﬁet aspect,
the inventon o@flsoil‘éblgéé ﬁ%glflﬂgc@ﬁ{al cefd %lilc%ﬁt%f st&ﬂlrv%%%ls%@&ggﬁlrglto Elthbdrp Lonprising

the enriched popul ation pot e uman he 1 nventi on.
[ 0015] I n f emctnloeadlestnt ashEws WetemtmmdUmh provides a stemcell niche

h di t
cormr) s noriieL eELEASE: BORKLAL AR.RLuTLBRLENL: BB \BRCSyagger dn o
[ 0016] The hwiegoilngdyucioegey selbsnwedllarcadesirdde f ol | owi ng detail ed descri ption

of the 5invention, will be read in conjunction with
the appended PRI AR B SR RRENHIBR

Accordingly, the present invention provides a plurality of embryonic stem cell-like




drawi ng. [0017]Fig. 1 shows the cell norphol ogy of human placenta ammi onic
mesenchymal cells. Fig |Ais a phase contrast inmage of AM MSCs- CD34+ cell s.
Fig 1B i swa phrasesocont rast i mage of AM MSCs- CD34- cel | s PCIQ[S0Q185¢7BY. 2
shows the profiling of cell surface nmarker of AM MSCs-CD34+ and

AM MSCs- CD34- cells; wherein Fig. 2A shows the expression of CD29, CD44,
CD73, CD90, CD105, CD31, CD56, EGFR, and PDGFR;, and Fig. 2B shows the
expression of CD34, CD117, CD133, SSEAl, SSEA3, SSEA4, d oboH, and CD201.
[0019] Fi g. pRlurlsraéiiglephiéh RCHESRIch&! ff)dﬂuhhﬁbﬂi 3t nQMigdfenn 84thad m3Qelchymal

ol i godendr ocyte 15differentiation of CD34 sorted MSCs. [0020] F| g.. 3B

provi des ac¥BRemRFageniiar|qely CPER: o hespknpiseirgfrted feom arhvdiantsomBHe i ati on of
CD34 sort GQSSW@@? i}@@gﬁd fr&nin EhRWRN Thdsbnchiidal @fb%am@%/&éfg%ﬁﬁcﬁsde%‘ Of CD34+
or CD34- AM MSC after dopam nergi c neuron induction, wherein Fig.

provi des Tfﬂlloweﬂbb)welt}oﬂplngb’?( llcpertigop, selgpigd twnlthf(gr@m eapisiingrf) 34uor escence
st ning | EpOFR @51 C0RbI AN LALUGRIABHTAAST Elocu BaRk Q¥ham, Tu!
(top), GFAP and DAPI (bot I mmunof | uorescence staining i nages
of CD34- AMWE@eantm@oht &gt @18sor 1Rgry sterp@Spnmi/o@e@r 1Tpie (Froph  faaap2 I( m ddl e),

and DAPI 5C &Qﬁ

i nduced negg%ﬁgghﬁtgﬂgq%&kp%[qroéﬁgﬁn) ﬁﬁph2%§MH%&P§f%@h dIe and DAPI
(bottom |nwumdbmumpesmem@egsharnﬂhgbﬂhﬂgeéMmeEDgﬁprWﬁMEB4Jnwmwbd
neurons. [Oso 1?1‘%: entgfro known }ngrel Ceesench malpstr%lrn% gst ).ce ran ngtngxorreest i, um
rresenchyrraf °s: "Wher ei'n K TE™ phase ¢ e‘[ras i mage Of “EMRBCs - CD34+
cel | s; 1&4ndCB3g. BIB MEPas péitssaef thmmWrmsh exlmanm ﬂpﬁerE—ﬂhMBGbﬂ@&@ty inehtls.

30[ 0023] F h th di i ff ot ent.i al f
20100231, s B Pg ST ROU RS SRR (FoEy oS oS heavy. chai n
(MHC) (m dghoe)] amndokdARpect,bd trﬂei’)tiohrpmm&etsIauenﬁ&ee@cgﬂatoafdflnfﬂgnpdmges of

CD34+ EnMSCs after cardi onyogeni c i nduct d Fi e Troponi nT
(top), nmyoSTRIhERISCRHBE n° Oem?@ pt%flamre%ehs M oAb i la)taffgﬁé) ntifie

i mmunof | UOh@%@lﬂfhﬂll ﬁ@hdllsfaﬁl/pr&géﬁﬁ& cefls @@&at l:e@é‘lﬁl{ésfoﬁif)\bﬁg chaicliRmwogeni ¢
i nduction. nunber s _of . expanded hemat opoj eti c stem

002
cel I's (PSCEP! tC]fP% s%%blﬂfq‘é%’i}rKé@&%ﬂ@ésﬂ“%n%@%uﬁﬁ%fn@n%th
muri ne M5- ﬁﬂcfb%gder M5Cs- CD34+ f eeder, or MsSCs- CD34- feeder DESCRI PTI ON OF
THE EMBCODI MENTS [ 0025] As used herein, the article "a" or "an" means one or
more than W42t hat apather aspectathey epgtioonavides ehaclpdrvarreringhect of the
article, uBl®Rss PopEhihsSrmRde f&ﬁafmm (NIEPEOSREGUHLCIER Gfehiis, article
in only a singular sense. 0028 According to the invention,
unexpect edFgmprsingdiselpfas %orpladrt@%fafntsym@flc prsee by sovystemid @r@neg|0§ cb\lueilaled from

ot ont pr ggehricaP AR Rfom @ tul HGRM] &l MOTELRS WIS TLBSTEN sueey ( aci3s)
CD201, NestdlevtcdSBEAZNe SREALONSFMeGIOBOM, (Rl I7e €HS3 " UDRTs "GloboFhend/CPCs may
;'grrgtel gbt ?!sgu e1n l:Eyonq}lereotf,t %rgh Cl?l,gglr I11§ I n%dltu%fe su éjl%%gntgc{ w1tl§ chlgaslt {;]I% %rr orrre a human
fst ent pL ogenrtetonts sele&tbd; frbml th@fg@dp loznsa;un%lif% a S%ft:;t:a)sltﬁgmbytndich:cédzskerdmmd@eﬂ sel ected
romthe group consj ng o
conbt nat i o PR aar bl Beet Py 0 2 haiRing o srdstmnl BER BABEL | east
onet or 25r?r @@E)erfmrr]afass fgr@@tlheﬂcn‘of c(EGF})emg{lmupcec%mmhs ]Efadﬁg gGFa #Bulin,
corticosterQi chol est e onbi nati.on thereo nd one or nore
G owt h T acPBEE-SEREE BT i TG D 0P abais 8¢ TRSF der e _gr vt h
(TG)" | nsul L pLatel et der e ar out h factar (PO | Ls b thr orbopo et 1
, bnsulin, IV ieti
gTPO) anflzltr&‘f‘llff)‘il rpf[rpflaffort ﬁr eﬁftlpf'ﬁ%t ][bfare& ?ﬁf@ﬁeaﬁr\f&g&gﬁﬁ %ocrgﬁq;@%o a
i ssue cul taagsusddiiaaRinawhi ch is differen romthe + -
25pl acegt al sfﬁsem &el It% astﬂg}%scl o;ed [ nlgEdl Eeggr glélalroﬁﬂ(rus 2008&%06343 Al).
[0027] 3GhelQ0bfcs &7 yatheper AEYSHHOTERIRVIBES § K6fitCed 'apF herechll SBlE i c
chor T on, - and NE e al e B and
adi pose. PH®A&F ablyfurthére/cMBPEH, the Bvengion aredics potmplcd aéahe gompnrdentBe ri um  and
gingival. Mre preferably, the MCPCs are 30 isolated from placenta amiotic
ti ssue. According to the invention, the MCPCs isolated from pl acenta
amiotic tissue are called as AM M5Cs-3CD34+ cells; the MCPCs isolated from
endonetrium are called as EnMSCs- CD34+ cells; and the MCPCs isolated from
gi ngival are called as GWSCs- CD34+ cells. Specifically, AM MSCs-CD34+
cells, EnMSCs-CD34+ cells, and GQVBCs- CD34+ cells have consistent profiling
of cell surface nmarkers expression. In the invention, the MCPCs exhibited
sphere-like clonogenicty in early passages and expressed nul ti potent
enbryoni c stem cel I (ESCs) 5 1i ke characterl stl Cs in vi tro

R ANES N Y a1 o o I T NN A RSN



[ 0028] According to the invention, the MCPCs honpbgenously express enbryonic
10 (e.g. Qct-4, Nanog, Rex-1, Sox-2), stemess (e.g. CD117, CD34, CD44)
surface awmDi2gexs4501n addition to present various |ineageCwarsz@n®s678ncl udi ng
M5C (e.g. CD29, CD90O, CDr3, CD105, CD106), hem angi ogenic (e.g. ACl33,
CD34), nyo-nurogenic (e.g. CD54, Nestin, NSE). Further, the MCPCs of the

i nvention are prolonged self-renewal. According to sone enbodi nents of the
invention, the MCPCs (e.g., 15 AM MSCs-CD34+ cells) could retain their
speci fic cehdchb®pdplatioX Bf @§i5HEBnt ASmEPREP G rditPblife inrtBdioNGdeddd BRsSi ti ve,
and their MSC marker expression even after 20 passages. [0029] Accordi ngly,
the i nvent?é‘ﬁ‘ﬂi@}dovi des an enriched popul ation of rnultipotent human

mesenchymal comon pr oggRigPHESERIPTIONERCE)E DN WiN@se i dentified as 20
mesenchymal stromal stem progenitor cells which have at |east the follow ng

charact eri §{ilek: € fregogmaummacney w4l agthedglowincdgaief degmpianof thest i n+,
SSEA3+, 5 SS%?rﬁionaQ&gll %eotpé?ﬂéE und Q43R AaEPTSNG Eﬁlﬂnleﬁoﬂ Wtﬁntthl:oag eldB§ €nriched
popul ation of nul tipotent human MCPCs further éve at | east Ple of the

fol |l owi ng dhanmect eri stics: CD44+, CD54+, 25 CD56+, CD105+, CD146+, and
PDGFR+. | n;phe, e di I i i .on of

mul ti pot en{dbﬁﬁ]nag?%ck(qg asrtg(I feglgﬁ?]?@{g%; daf(s?lﬂrr?%é Eﬁ‘%%&‘r rfdanﬁnglg? gl?}geﬁéﬁgﬂa?

st end pr ogenélisor FigelAl 5,2 fhase qugtrash éndgel df dMMS ShaP 3k teetls. Sig t8 is CPiisde, CD34+,
CD117+, CD133+ (AC133+),, 0 Nestin+, SSEA3+, SSEA4+, d oboH+, CD44+,
CD54+, %%%n?ra%ﬂf%+%%f%§séﬁé4ﬁ R+. 30[ 0031] According to the

i nvent ilon, [a0h8] enFigchatowoulpadfilmp offcelivsirfacp ataeket ohANVRNSISRII3haue t he

potentials i ff ntiate inta.cells or tissues of oder i neage,
esoder mat AN ABGE DED st his ShiReSuet RRtShe R BEN B he

i nvent i on, CDAN OBGs; CD34+CD8, IEGRRe hed EREGFRN&d afid. Imuitystthaéxpkdiciyn wer e

mul tipotent _jn. differentiation of various t s of s tic cells, including
endoder m Hgélaa‘grdﬁ“&r&%@oégﬁ%wséﬁﬁézg#%é?‘ﬁ%%?f@ di mrent of the

i nvention, [dohg] enkigchad pRRRI at icBtnatfc MuktkdtipRtENecuRh UARDIiMRESBAYE t he

potentials of adi pogenic differentiation, osteogenic
di f f er ént i dffeEAtRERdFEGERPEdiYPerenti ati on, neur ogeni cdi fferenti ati on,

car di omyogempbe) di fsfd;.er elt bakiey o epdehhel iiphsudiidd asrenbpatihQBic aBgdonepatic
differentiation. [0033]1n addition, the invention provides a nethod for
produci ng dwfeentistioned CRBAEPERINHCHT mul tipotent human MCPCs, conpri sing
I sol ating Fdo@[’]‘ a RUMROL SRR et Qnd h@ﬁl}éﬁexpﬂéss%éo)f%lfl?{ﬂ 6r SOELOM @ human

mesenchymal stromal™ stem progenitor cells and a cell sorting by a cell
anti gen sehiutdpammergia heurgr sufuciean sihstdim diof4ACDBYideNdst | topCBIBAY CD 133
and coppi nat. i y I J Tedi sEnhed W th at
| east gﬁe @-Ir-ddﬁnlg%gﬁg{)g\‘rﬁgfbg@@%%@ﬂ%%ﬂéﬁ%&%s%ﬁcg%&aﬁ%% ﬁmﬁgslé@oﬁr S. M%%%As used
her ei n, theduexdmeusmer bigd4B rmededes Tl dtopy peF A (ordgkni adcBAPbmdomhat 15
contains a.speciifi rrangenent of f CU&GH e rin hat. are joined
to each ot h@@?nolﬂﬁm%ﬁ%n?eng\}%ﬁ]fl cl)ltrlll,agetS hoé%s@é‘r é’%gﬁésdég%fl%edtlﬁg%%ge’diaﬁdﬁﬁ Lgéécor di ng
to the net hodidoayHo@podAPe|(aiddd, dndoDAPhéogomoummonglustscagceotai@ng

corticosteroid and conbi nati,o hereof [.0035] her ei n,
Che torm - it ebEBaF oM S s ETTRUDR b8 rig S BbubE FB BN TS0

Exanpl €s ofmidolc),iafdDIART (bottomhn rhdGiefluies@ne dtiing imdgeedf €034 AM-OUgC A
corticosteroid (e.g. hydrocortisone, hydrocortisone acetate, and cortisone
acet ate), Hldﬁ?eg&‘ﬁu‘%n%orti costeroid (e.g. triantinol one acetonide,

trianci nol poe2pl cefob shARAhNBIMELEBRIISY, of AuMEO&Rlofac G R hEscAGlREDdcls;(€. 7.
bet anet has one, betanet has one sodi um phosphat e, and dexanet hasone), and a
group D coPPfieilstiand; iy abass, contait Hpaserof &N&f@-ﬁ% &plkE e andEigc PR ARt asone

di pr opi onapkase adHrafAEQCHHVERRE 334 bukyrate) . [0036] The term "growth
factor” as used herein refers to a naturally occurring substance capabl e of
stimul &P nfP0&l | uFr dr oWitos pthel | Retiepyasaniandlifarntiptiar @efep@lentof at i on,
whi ch can Eﬁ%b@-‘t@3@*;v%ér&hyFiQr6§%Hv‘i’de@@r%&iﬁ?%sﬁ%), aMsih RLGALhan act as

signal i ng nol ecul es between cells. In the invention, the growth factor used
in the 30 MEHCHmaEdteoraidigARo(bptiem hihewilerpsdorceoyianiog imegee o§ I8¢t ed from
the group consisting of epidermal growth factor (EGF), fibroblast growth
factor (FGF), insulin-like growh factor (1GF), insulin, platelet-derived
grow h factor (PDGF), |L-6, 4



t hr ombopoi etin (TPO, and conbi nati on thereof [0037] According to sone
enbodi nents of the invention, the nmedium may be further supplenented with
and one owormr@syiotam ns. [ 0038] As used herein, the ter mCTHSL@M0H6T3T ef er s
to a nutrient in tiny anounts by an 5 organism In the invention, exanples
of vitamns include but are limted to vitamn A, vitamn B-conpl ex,
vitamn E, biotin, p-am nobenzoic acid, nenadione, and conbi nation thereof
[0039] I n the invention, the medium nay be al so suppl enented with one or

nor e COEHM@@QSaﬂéﬁk@rﬁfoﬁ@o%nﬁmddH&m@r Ol ERNEB FrbN@sOfropsde i (topPdi UM
acetate, ribose, 10Cuani ne %I’I bose, adenosi ne, adeni ne sul phate,

ferric nitFyewn heryy chah(MEC) Ghiddice g PA[PéGQP@thIWMO@W@aF%W%nts of

the inventifnes bhepsLEhvSes Eft&Qaﬂd%n%Féé&é faektdY. usi ng
fluorescence-activated cell sorting( flow cytonetr Preferably, the

cel | sorti HY2#k aFEp3ahovemhe mumepydzxp emagpoielie e celbs (HSERY Wifen FACS.
15[ 0041§ AC%Fﬂlfcrﬁgrf&é% hdlRerls ‘«%@B' ?@ult&?gcx%@fﬁﬁnﬁ@mbﬁ SRcapselaRd i n

al ginate t orm a corrp05| |on Ing to t e invention, a feeder
cel | layer fdeder, gt c€DB4 deddeure is provided as well. The feeder cell |ayer

conprises the enriched pgpy {%EﬁjﬁBN ngttému e Osan MCPCs of the

i nvention. Alternatively, e enric 20 mul ti potent human
MCPCs nmay [1@2§bedéd useyl lichen, shadfitiole dat or faot meanssine rwor owkd tha oimee(that is,

[ 0043] Accor e inve tion ovi de better source SG i ke
cl onogeni c s em c%IOF etgﬁaél%malrcc%l Oé’éérol{ vf\éh r181ar?1 fon- 8{1%& lsoenrfl%derff(laegﬁéc%h or adult
t i ssue landspraificiupodfahd articie di difles angul:&tsema to various types of ceI | s, than

known sour uch a Cs, The MCPCs. the inv to be of
ol or st D2 Lor Al gTnagodhs marabt ot rorresnssily i i Bl ' 3 or eot
potential pRcheoruskdart @blatﬁdlffﬂncmhmmﬁ@mec atsudseatdideaiticd as an@chmenti on is
further described in the fo ovmn non-1i Human
tissues usdPHY)SERPTPESPII G %ﬁg@ge (5113 Ei%é @anﬂ] ﬁpd g?%éb%col
approved bypbosindstit,igsnal, mAe\awgaddeqéallgawwcﬁ@mr atheHaePC! by & Tai pei
Medi cal _Uni ver si é% I'nstitutional Review Board, 30 [ 0045] Exampl e 1:

Pr epar af i ohe abiaineshy apelked seppiinghe m%@ol@@gim%h%anm ORB¢ AITHE oni ¢

Mesenchy maly €8l dentis Qb rddni bR hedonchynidl 3R sRfn/R0Rnas: dRIRIRAes WO
2012/ 054501 % / US2011/ 056737 [ 0048] Ami on nenbrane (about 300 cnR, n = 9)

was stri ppByatelbmrirmby becll aigeresrlicipd Sromsthe grovpteanieiag of CDIMAARI K, buf fer to
renove bl opghsf 0%%1%1&8%1%%@{1 &fmbtlﬁﬁ?@rmér&ﬁ' f‘angpelﬂtnﬁiag ah ac%édﬁlmw%ol To

depl ete the anmionic epithelia , washed ammi on menbr ane
was cut i nﬁ@pmwd@vlﬂmmmg ornmdrei Stﬂl:@lﬁwe@tedrfronothe Igroupfcm@lsn%vfg/psu n- EDTA

(Si gma%%gf c T?ISI ang'stte%%a?ﬁfl%%ﬁlag L gg Oa%an% e3P rlrjgc;ré %Fb\x(tﬁaf%f&s CAT#

14185- wth 4 tinmes of
each 15 m Bﬁlq:omldtqrmﬂs groupwahestingat bpidetmaBgiGwth factor (EGF), fibroblast growth

factor (FGF), insulin-like growth factor (IGF), insulin, platelet-derived growth factor
(PDGF), IL-6, thrombopoietin (TPO), and combination thereof. The MCPCs of the
invention adhere to a tissue culture surface, which is different from the CD34", CD45
25  placental stem cells as disclosed in Edinger ez al. (US 2008/0206343 Al).
[0027] The MCPCs of the invention can be isolated from human somatic tissues
including but not limited to neonatal placenta (e.g. amnion, chorion, and umbilical cord),
endometrium, gingival, bone marrow, and adipose. Preferably, the MCPCs are
isolated from placenta, endometrium, and gingival. More preferably, the MCPCs are
30 isolated from placenta amniotic tissue. According to the invention, the MCPCs
isolated from placenta amniotic tissue are called as AM-MSCs-CD34" cells; the MCPCs
isolated from endometrium are called as EnMSCs-CD34 " cells; and the MCPCs isolated



[ 0051] (3) Coll ection of clonogenic amionic nesenchymal stromal cells 10
(AM MBCs) : [0052] For the ami oni ¢ nesenchymal cells (AM MsSCs) isol ation,

t he Am EpWe 20episeioed ammi on nmenbrane was subj ected to wash/useaih/obesk’ s
buffer one time and digested with coll agenase | A at 37C for 45-60 m nutes.
An appropriate volunme of Hank's buffer and a 40 pmnylon cell strainer were
used to collect the clongenic 15 AM MSCs. [0053](4) Incubation of AM MSCs:

[ 0054] After a 170g centrifugation, AMMCs were plated in CELL-BIND T75

flasks at aoflepmbivy &t 0511&1 LQ%M@C& EDRET c@mz 8pifidanyl bakerisce-a3a% CO2
37C. The col] ected AMMSCs were incubated in a medi um contai ni ng Medi um 199

(the M99 SBIscBMYPES-EREH ?ﬁélm WHCYIPEHRPa4 cosfly have congptentayplilingraf 4alk)

suppl ement gdré thak&l alkpROYINE 18eMmd M (RS, ﬂep}«fé@mxhgﬁewsﬁahér%wr (EGF),
and hydrocortisone. Fresh medium were changed in every 3-4 days during the
purifi cati eanogsrighyainicary passeRes end sxpassprinaaldpetent@otyyoaist dtere gele (BSEsY days.

The attach ﬁedbmg 9 and
split i %t oﬁﬁgﬁhgecv%héﬁa%slggﬂeﬂobuwg}% elb%{cgﬁfa see Fggog)élel;r{%\l;% %QI(S) rQ EP%TAI 05 cells
per T75 fl 88k CDMOMﬂC«SI t epasticale|the M@P@scﬁ‘ltheatvemw@l\ha%@shlgban gtsavtloul t ur ed
in RPM -16 -Sd I i ne serum
( FBS) (100/%?‘3 $odi Teﬁ‘)ﬁ@g?‘l VS@% O%W‘m &la&fgc(%f g?%ﬂéhtt“pﬂr%ﬁvcﬁh‘)f?@%t or
(bFGF), andlvadﬁ'en(aid)naglpmh)feratﬁelahéymgef split vvhen they reached to 70-80%
conf |l uence ul.rur.e s 3 d Lve 0056] Fl ow
Sytommtry KNGSt St db8s Tk M@ i SRR BRI ol S liSRts ver e
trypsi mb zect.@ndct-4, néaogt 8dx- IbeaI i mmrtessf I(ege@d‘)emtecplﬁl TC:DeMt) EIEjaceonj ugat ed

I I t i bodi d by t 30 t
I R O b
t he mesenchy9a) CBrEMBHEIS C@N/S@) hémmﬁ@ggen(m@ ACIBY OCD@D7 By o-GhGenic CD%:ODgh)

m an eni c

\nfyge RELPLgm cg%fasbi&%ﬁsﬁﬁ) F%Iﬂﬁr S\?&llé}@ﬁrﬁs@e Yapips a(wﬁﬁwgm al pha

snmoot h wsgélerea@»bdln)AccGﬁilhgtdA@dr@e @Iﬂ%d{@l@ﬁis VS g indeftdESHNVICPTL QWgCyt ometry
system (BD Bi osci ence, San Jose, The fl owcytonetric data were

processed MMH eSS Bdrely 0\931ds‘6faﬂ cis spesafioneslb matksh sEpagssion 3 [(FOE8] FI ow
Cytonetry §@r5nI@91I70Q§&]AI‘cqeslp59h@é Iaﬁapt&ir VRe fhBAtexpNRCovea WP OpUl at i on,

t he expanded primary AMMSCs cul tured at passages 2-3 were used to | abel
wi th CD34 a@ﬁﬂ%%dy Up to 3 x 106 cells were sorted by a FACS Aria flow

cytometry CESO%%&&&‘ﬁgly, ?'Invje%ﬁ?v plgei)deéc ol Lavneg p&ﬁlﬁaﬁ%ﬁ%‘ﬂfnﬂﬁﬁﬁbﬁ&l S

i nstructi on osit and CD34 negative 15(CD34-) cells were
then anal yhedan wﬁwbwm@n@rmmn erogeritor [ @6 AMGPUs), i which 3w ld@nmﬁel Bar vest ed
third @Ssgg?en o‘ﬁ%’i estérﬁ/}ﬁfb%brﬂ{oiegell?nghilcﬁ‘bﬁalvleegt "Iéa'sth dREGRRHgat ed CD34
suggest ed Re manuf acturer tes roomtenperature”in 100 nl

phosphat e bhﬁfrffO@TLSUC'EhQEMI, CDa#e@deéT |, $DXIAT digH3H) AWDHM Aydsom, 88EA3 ‘st r ai ner
(Bect on, sQndé‘f[')g Ig:orrpany CAT# 352235) and sorting 20 AM MSCs- CD34+
and AIVIIVBCs 4- ufations with BD FACS Aria. After sorting, the
AM VBCs - CDB)@%O]andA,éMrwﬁgso th’B4nvep’0<pm ftheet ermn]sedvm)pelamm amatlyig@chthomat he

positive f ' p | tioned u ﬂescri bed
Pove o t M s REPNER" shfichafe YHBNGE PR SRER 6T B scs
(passage 3)3D66I’3 @bMsn CDlﬁ*,ganleD@hRI eiln dnbendbaipenobf ﬂvMﬂVﬁﬁﬁmCDBéH cells
(Fig. rter t han

1A) Fi 1B) an h showed
CCabic o PieBrd phSUaiohalt FRuient PSR gres i B & voa ool T

i s about 42rdidlrstem/Plok&iitot eelIsoneahgtth@moltokmg oharriMiaéss (T34 +cpt4'bei ng 34
hours. The CD34 qu essi on be . checked for each f|ve
passages i RDIRZ. 136\A/i(‘?ﬁ%13t§a)yscD%QflteNe @I‘_’)?azﬁ-s éér’t:?%A"ZOGﬂ)%I’QEIazg@ 44 cpra+

AM M5C coulghsst idDser @imion”, idmaus™ skResidire. cel | marker expression as
30 [0031] According to the invention, the enriched population of multipotent human
MCPCs have the potentials to differentiate into cells or tissues of ectodermal lineage,

mesodermal lineage, and endodermal lineage. In one embodiment of the invention,



30 CD34, CD54, CD117, and CD133 (AC133) positive and their MSC marker
expression. It was found that the high expression each of CD and gene

mar ker s ovben12d3a3w1CD34 coul d be observed in the cells acTasehipsassage, but
t he expression of CD34 (50-60% of the cells at passage 1 was | ess than

t hose of passages 3 or 9 (about 100% . Both CD34+ and CD34- sorted AM MsSC
expressed CD29, CD44, CDr3, CD90, CD105, EGFR positive, and CD31 negative.
However, CD34+ AM MSC expressed nore CD56 and PDGFR t han CD34- AM MSC. See
Figure 2A AMMerDﬁDBéeﬂs SvAM MNBRicOWnd BYRI QRS (DS Qve@lxﬂu?ti ofdal 33, SSEAL,
SSEA3, SSEA4, d.obo and CD201 than CD34-. AM MSC (Fig. ZB) Speci fic gene
expr essi ondifgEentptioy @”x\é?ﬁ%wpﬁyomvm @Hatlaclﬂ@tlg SAGWRI. MPedeiBls9f t s show
t hat AM MBCSsdel34dncel | s express "early genes i ncl udi ng Sox-2, Cct-4,

Rex- 1, and Nanog, ectodernal |ineage genes %i neur ogeni c di fferentiation
mar kers i nE10331 ng Imess grpbodigsmt ofRfnvRITA, thWQC ed poprEatae malltinotaeage
genes, g g f i aki e in GATA-4
and NLC?Zahmg%gqggggge§%§It%%ﬁ%ﬁggggeﬁgsgﬂbﬁﬁﬁ% gg%%%%& ffgwkﬁgﬁgtlon
maker s i ncHifigrangatAinbunichomhetercr. {lidosnfigoanyl eielZOgdnrvductdlf&ﬁn@ﬁtlon
Dfferenti t he

A VB B oy RARSH RS SUER G URER b Eho Bl BRRALES (o (e
vasculogenﬂw3ﬂ]fféremhhatnbm1mmd®nmpmmme$anvehwbﬁHQﬁb&Enwemeemmﬂmmred in
EGVt 2 medi ym i nduct.i.on. the capillary
formation Muﬁa?%n fof mult CPOP ent ﬁum%dltglﬁc cotn@Bmgg 150 a,tlg %:lrgrsn) Elgrb élcslo acg Iy,
after tihe tmrsde:d:pmowuemhd wm:mntghﬁ‘ IAMaNBﬁ}seﬁD@ma-l uwenal semgsogenzedednd pl at ed
onto Matri coated (Matr e C er, with a cel
Gensi ty of Tt STBeT e Rt eeaPerraRym fiabul fustiied (e Nouler ved by
optical m cpost amyl3afahétombindtion 2breofruld 48tlidgIS a niddiussupplbhomedgitd days.

[ 0064] (2) Cq dlonyogfnlc djfgg{entiation %gﬂpS Sorted AM MSCs- CD34+ cells
at passagedt 198SEOoRG MOFGTITAIdE arfl 9150 PRELREVEHSYSof car di onyogeni ¢

di fferenti ggozan. K@%séﬂMeB@C&hél@ﬁﬂ*st&@id*’$e%&@a type Wb aicthlc ovepdn@Mtati N t he
growt h nmedi um [ EGW 2: ML99 (v v = 1. pl enmented with 10% FBS, and MEM
nonesseént | SPNa{RY %@)ealéwéralegfwfm(@fmyloa ctTHISS fiak fredeiped Weack gihels wer e
transferreg inBtifvchiiéh, GR7 ArGIREENR fe Helifugl &‘d@Bﬂd t@rﬂh(m%@ﬂhydr}na& LMYk (G BCO) :
Ham s F12 nutrient m xture with GlutaMAX-1 (G ) (v:v = 1:1) suppl enented
2% 30 hor séclesgqdyfpnhaemup ¢oRsiVEN ploh sedispriiqraid, ahﬁlwtﬁr@cqndscombknatlon
insulin-tragpsherrin-selenium (GBCO] with a cell density of 104 per cnf.
After 6-8 hours, a cardiomyocytic differentiation agent, 5-azacytidi ne

(Si gma) waf00d8lded Ais payl rehean, et qostioestRieidd réferk tq ks isteeaadhbamonat i on.
4ul/ ml , f (o) A
dlfferegtlg??ﬁﬁgxkgghﬁg &QP%?d 1§%§ﬁg% 9%: E)¥%%@§éﬂ%ﬁ%$g%gﬁ$ §$|on

medi um wi t hmmco&sazad:lydnochmwnoncata‘te adéyomisomc‘day) gigroupfB tdracosteroid
differentiation 0 g (1 ng/m)
5 (PeoproT C%)tnm%a%g%faedg%& (Pe Cin%ﬁcngoléne élﬁomo %ﬁl rr%)net%sotne}, &1126 C1 ascor bi ¢
acid and TGﬁﬂaﬁummde(sgppbammmmawnevequmﬁmﬁomﬂay@hmmd mmmﬁnwmeekdy

respectivel m ver e chan ever 3 en n the

o um ph CHARGRESoRER] §10 g B oD PSP 5 2o TR Stont RE Fel®efihen et um
changess Th\ﬂorﬁaasd)hé)dlbﬁgemm@ ANhYERGCsor(iiddd-t 7batykae)nver e fi xed for

hi st ochem ing after 28-day 10 |ffere iation culture. a

5. azacyt Al RS Ty BRI MG BHOr e Cpp8) & SR FUFED | at ed
easily int qusaned Qipatyt 65 KXPILHG BQIMO%OV%T%réhfeMu& 2an@esdislat dat a not

shown). After cardio genlc differentiatign 28 days and exam ned by
hi st ocheni gdfereatiafion; WHichisan Feetidisa-valisly CreshvlanRIonssess: aoeisdbgadhgdsi n heavy

chai n ( MHGQ)igndi Aboulds NedueRd GBB4 1) Al MoGRichOmFedot hPia6@t usar di geyocyt e
15nor phol ogy and expressed termnal differentiated marker Troponin T (data
not shéln) mefiggeeqceBlingipalts sctioff @pedei Aci oh Moo 67FcTe fiewp thes&ioBhs  of

hepatic di LLERERE |G blerfif] |orlBihK Blcor VB 01 B JBRIIE dhabiel iy Tabl e 1.
Expressions of hepatic differentiation cell markers of AM M5 4+ cell s

20(passageH6yMJhM%gbwﬂhﬁW@rﬁﬁﬁ@N@ﬂ@nim@MEt@ﬁh@é@KM@@#@KEWP$GE%4L¢&+ CQy3

(A bum n) +++



FI TC (Cytokeratin) +++ Protein GAPDH +++ +++ Al bum n +++ HG- ++

[ 0068] (4) Adi pogeni c, osteogenic, and chondrogenic differentiation

[ 0069] ThewobNBB$30CD34+ cel | s obtai ned by the nethod asPeEMIS2@N@S673N
Exanpl e 1 and expanded passages 5-6 were used for nmulti-Ilineage
differentiation inductions. The adi pogenic, osteogenic, chondrogenic, and
neurogeni c differentiation 25 protocols were used by the nethods given
bel ow. WD 2012/ 054501PCT/ US2011/ 056737 [0070]The AM M5Cs or AM MSCs- CD34+

pre-condi t iR&thBoicin PtdesRombiRbsf hedoffagl ' s nmedi um (DVEM LG G BCO)
suppl emented with 10% F S (Hycl one) were used for the |ineage

di fferenti HOBdh carceufias HoNs arboprangwphgie invention,) thagnediya 185 & (AM) :

DVEM LG nmedjpe S%Hﬂgﬁlgﬁ{@(mvﬁyalyg IR ot A% FBSmidd: 5 MM 5i sobut yl - et hyl xant hi ne,
l'i.tM dexanet hasone, 101.1,Minsulin, 2001.1, Mindonethacin. 2)

Ost eogenes{ 3§10V As men@, et G {apyin eefert te@ nwirict im0l BESUNtbY an . 1, M

dexanet has 0 phate 3)
Chondrogeng msr?Cl\jn & &%%{OH% ?ﬁ%ggﬁ%gﬁﬁesﬁgcr#%fm Irgmllé%&l?ZJB@aBgQ%S i.tg/nl

i nsulin, 1®1tarngnt -PEPIE]1 (IR&D) , E50ietM, apeuiipherzoR- phids prhataélonio ang

Neur ogenes X ]F%ﬁ&‘ LG nmedi um suppl enmented with 5 .tg/nml insulin, 200
1.1, Mi ndo@%g%{?oﬁ,t i g”nM i sobutyl - met hyl xant hi ne. (Reagents used above
for differ@@BPhati dntheenenndd, the mﬂdiﬁingnar beStlsdsuppEmeMall W0t |dEgnore

adi pogeni Ce oste(ci)sgﬁal d ?.r%d nheu enl C d[l ffe ent i at'aoum the cell density

was 3x104 ce I/I’Ouln or ¢ 8r ConS %niger eH 8’|Clalft |Soon acﬁtatehélrbo%eel |

densi t y0 of GualﬁnéLHEI,>d1:6);5r/rﬂbase1adbnds1msdanmdulpbaite dhmmdnmmhﬁ&ﬂMHM| on.

Medi um was cha ged every three to four days for all differentiation assays,
and cells VUQF8 ‘fixed for histochem cal staining after 14 days of

adi pogeni c[ooast eogepmeférrea b@lﬂdﬁﬁh@ﬁﬁlIofit}ﬁlﬁl\feﬁﬁ@mﬂ_ieadelllcmrtlné\fli @errfohﬁedays

intracellular il droplets for d Red Q st aj and calcified
extracel | ubdpre ?rFslcﬁnc\ﬁ/éﬁ“‘ﬁ?eges‘?ﬁts g?%égt ﬁ%cﬁ{%‘i’“e%n Prefgie ysihﬁlcﬁlll ng (data
not shown) somagf)lslarcmoompng@mg:«s dithdogr &GIbBIH &Ml andbdnVEXess CD34+ cel I's forned
cartil age bal | 3 days. -CD34+ cells cultured in.neurogenic

di fferénti é&oﬂbh rréamﬁmgm;ﬂlegnwa%élaﬂ MGCBg's npyype 2pgapslpiedhin Fginpede al

nor phol Ogyf(ﬁlﬁﬁq&ﬁ%?ﬁﬁ&ﬁd neural markers including Nestin, NSE, NFM NCAM

and M5Cs- CD34- cells did not ﬁdata not shown)
[0042] According to the invention, a feeder cell layer for stem cell culture is

provided as well. The feeder cell layer comprises the enriched population of
multipotent human MCPCs of the invention.  Alternatively, the enriched population of

20  multipotent human MCPCs may be seeded on the scaffold to form a stem cell niche.
[0043] Accordingly, the invention provides a better source of ESC-like clonogenic
stem cells that are derived from non-embryonic neonatal or adult tissue and multipotent
in differentiation to various types of cells, than known sources, such as ESCs. The
MCPCs of the invention were found to be of proliferative ability and differentiation

25 potentials. They are of a great potential to be used for clinical regenerative therapies.
The invention is further described in the following non-limiting examples.
[0044] Human tissues used in the following examples were obtained using a
protocol approved by Institutional Review Board of Cathay General Hospital & Taipei
Medical University Institutional Review Board.

30 [0045] Example 1: Preparation and Characterization of AM-MSCs-CD34" Cells
[0046] Amnionic Mesenchymal Cell Isolation

[0047] (1) Isolation of amnion membrane:



25[0072] (5) Neurogenic differentiation [0073]Step 1 : Neurosphere
Formation: Cells were seeded at a density of 1000 per well w th neurosphere
medi um ( Ngorzeth/aswjor NS Medi um DVEM HG F12 (1:1) + | x BRPCTAS2Q 1086787 EGF +
20 ng/mM FGF2 +2 i.tg/ml Heparin. Primary neurospheres (selecting nmainly

fl oati ng neurospheres) larger than 75 umwere counted after 7 days in 30
vitro. Step2: Neural Differentiation Assay: D ssoci ated neurospheres to
single cells by trypsin-EDTA solution and culture the cells with: DVEM F12

+ 5% FBS f o4 h%%nﬁ[hﬁ)%ﬁlbﬁa%'(ﬁbdﬁﬁl?ago tenfahed oWl Smgel fidn rewial cel |
differentiation nedium The medium used for neuronal differentiation was

DVEM F12 sWﬁiheéH%%ftléaﬁwltl%g?o;efﬁegankmb%@fFﬂreqnggﬂo o®bh ng/m BNDF, and 50

ng/ m GDNFrookh .- Reﬁw@al%@hﬁ%ﬁﬁ&nd hikafal &4ik.on of neural and
ol i godendrocyte differentiation of 083 4 sorted MSCs. Fig. 3B is a schematic

i1 lustrati GW50F ddpamspise ghe anmigneh cgithaliak splls 40MoFP(s). epdwdsyptiey 5 MSCs.
[ 0074] Afﬂ Cheblafe Ivld¥e idde- Qlcfrﬁzeh%%{.érﬁst LR ﬁ&fbﬁ&htm V&5 n¥ebt fol 8gl by using

i mmunof | uorescence st ai ni ng ugat ed TC, Hochest 33258, and
Tul | conj ugateid-ER A (Sibod.abt Im;l)s M@} mth ﬂ%lfﬁ@kybﬂi@w@whwlmldﬂoﬁﬁmq on, CD34+
and CD34- %{gl;ﬁ I i 0 ver, the
GFAP (gli a6 sqtlagclﬁo flgbé%ni@{rdﬁgl%?dj ﬁ?rﬂgrs%?%&ré{l%ssos Im b?a@ﬁ@4&ﬁe€% i nduced
neur ons. ChaChHénuntwctldnandwatSIdnﬁl aogac. AM I\/BC | nduced neuron expressed

GFAP, whic at. so induced CD34 M MSC. cel S, d|f ntiate
Tht o nonr oREShOITEDS CrlBRUHE  LRRRERE . AP B PR SePhal Y hLs
i nduct i1on, (MMSCAM MSC expressed Galc, and Tull, but not GFAP For

dopam ner gi uron differentiati ) y of rescence
oD e O P O, B Bl b P L SEARE S AR oL gt escen
whi lje on Iky déplaem hrhmlaﬁ) pitneirdne NvBf subjoxdd tAMaMSEith ke hurfet! bmﬂﬁmemm essed
sai d markers

[ 0075] (6) i on [0076] CD34+ AM expressed
early geneélgsé&# yﬁ%va@%%ms‘e. éoete%%z‘éa 16§ r@%&“ﬁ%u THAPRS R B ¥ Pmeg ecific
gene expr esghief baffeChiddtd OMulYBESon SelPktaNhed 8fbrd Riscliatdl evlkctb@b QngbAO77] Tabl e
2. Sumary of CD34+ AM M5Cs gene expression. CD34+ AM MSCs Early CGenes

Ect odefth ( RUMYeni ¢ Differentiati on) Mesoder m (Car di onyogeni c
Di fferenti gioson) ENIRESEMIn(FanatMgesDi fferentiation) Sox-2 + Nestin

[0054] After a 170g centrifugation, AM-MSCs were plated in CELL-BIND T75
flasks at a density of 5 x 10* cells per cm® and incubated in a 5% CO,, 37°C. The
collected AM-MSCs were incubated in a medium containing Medium 199 (the M199
20  conditioned medium) [(Lonza CAT# 12-118F; Switzerland), supplemented with fetal
bovine serum (FBS), epidermal growth factor (EGF), and hydrocortisone. Fresh
medium were changed in every 3~4 days during the purification incubation, and cells
expanded to 80% confluence in 7 days. The attached culturing cells were harvested with
0.1% Trypsin-EDTA, and split into the new passage culture with a seeding density of
25 1x10° cells per T75 flask.
[0055] Alternatively, the collected CM-MSCs can be cultured in RPMI-1640
(GIBCO; Grand Island, NY) supplemented with fetal bovine serum (FBS) (10%),
sodium pyruvate (0.1 mM), basic fibroblast growth factor (bFGF), and EGF (10 ng/ml).
Cells were split when they reached to 70~80% confluence, the culture medium was
30  changed every 3~4 days.
[0056] Flow Cytometry Analysis
[0057] For FACS analysis, freshly harvested AM-MSCs were trypsinized and
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incubated with aliquot florescence (FITC or PE) conjugated monoclonal antibodies
(mADbs), suggested by the manufacturer, for 30 minutes at 4°C in 100 ul phosphate
buffer. Cell markers were tested including for the mesenchymal stem cell (MSC)
lineage (CD29, CDY90, CD73, CD105, CD106, Vimentin), stemness (CD34, CD44,
CD117), hem-angiogenic (AC133, CD34), myo-neurogenic (CDS54, Nestin), and
myofibroblast markers (Vimentin, alpha smooth muscle actin). Cells were analyzed
using a FACSCanto flow cytometry system (BD Bioscience, San Jose, CA). The
flow-cytometric data were processed with FCS Express V3 software (De Novo;
Canada).

[0058] Flow Cytometry Sorting

[0059] For isolation of the CD34" AM-MSCs sub-population, the expanded primary
AM-MSCs cultured at passages 2-3 were used to label with CD34 antibody. Up to 3 x
10° cells were sorted by a FACS Aria flow cytometry (BD Bioscience, San Jose, CA)
following the manufacture’s instruction. CD34 positive (CD34") and CD34 negative
(CD34) cells were then analyzed, sorted, and collected.

[0060] In brief, 3-4 x 10° harvested third passage AM-MSCs were trypsinized and
labelled with PE-conjugated CD34 suggested by the manufacturer, for 15 minutes at
room temperature in 100 pl phosphate buffer. Then filtered cells through a 40 um nylon
cell strainer (Becton, Dickinson and Company CAT# 352235) and sorting
AM-MSCs-CD34" and AM-MSCs-CD34" populations with BD FACS Aria. After
sorting, the AM-MSCs-CD34" and AM-MSCs-CD34 ™ populations were re-analyzed for
the positive fraction and expanded in the M199 conditioned medium as described above
or the RPMI conditioned medium. The cell morphology of AM-MSCs (passage 3) are
given in Fig. 1, wherein the shape of AM-MSCs-CD34" cells (Fig. 1A) is shorter than
AM-MSCs-CD34 cells (Fig. 1B) and both showed stable in later passages. The initial
doubling time of AM-MSCs-CD34" cells is about 42 hours, which is longer than that of
AM-MSCs-CD34" at being 34 hours. The CD34 expression of AM-MSCs would be
checked for each five passages in the following days. After CD34 sorting 20
passages, CD34" AM-MSC could still retain their specific cell marker expression as
CD34, CD54, CD117, and CD133 (AC133) positive and their MSC marker expression.
It was found that the high expression each of CD and gene markers other than CD34
could be observed in the cells at each passage, but the expression of CD34 (50~60%) of

10
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- - - - WD 2012/ 054501PCT/ US2011/ 056737 [0078] Exanpl e 3: EnMSCs- CD34+
cells, QWBCs-CD34+ cells, and CD34+ MsSCs Enriched from O her Somatic

Ti ssues [WO29{2Asusvary endonetrial and gingival tissues werasecaliosesed from
donors from5 Tai pei nedical hospital and Dr. Wells Dental clinic follows
the 1RB guide line. EnMSCs and GVSCs were obtai ned from endonetrial and

gi ngival tissues, respectively, by simlar process set forth in Exanple 1.
EnMSCs and GVBCs were then subject to CD34 sorting. [0080] Phase contrast

i mages of HR4nsar E@@Iagamrrwas %ththb%rﬂfqﬁﬁéaé&@ P 9& qbwz?l sjem cel | s
(P5) are g| ven in 5. The norphol o nMVSCs 4+ cells was very

simlar to€ C@%é@lofte@:lfrl\f[ﬁ@ eégreﬁp@)\ﬁl%{?@d GM4TaR7é SDBG| G 05,
AM M5Cs - CD%@FRCE(LsktﬁIe EMEE31 %ﬁﬁecetﬂo%evén@m@%ﬁ SR tx el $ e e

identified as havi ngﬁcona stent profiling of cell surface marker

expr essi onCDSée%delP Ry thanh €034 s Sl Sermoerrpr HyenFrskerc €034 ( MCPCs)

of the 5nV m%ﬁ@exﬂaﬁm@% D9336;b13£\'es%%€'1+ss@3135%m40@ﬂo%§ﬁ,(aﬁ@l?’%)
SSEA3+, SSEA4+ of the’ invention were al'so

char act erl @@aowawm4 AVBDESE, (FED2B5+,Spaifid gene coprePRBRRS. alfo0881nTdbl e 3.

Cell surf ageR g&taeﬁrsﬁ&]h?%ﬁg reg{gﬂg% 0 ‘4918%} @Eﬁ%ﬁ%% { CglJlrSJr?X%ge%gnt age of

FACS mar ker S expr essi on: 80- 100%
AM MBCs ( PAdarlgrgBGS incRding GvBCs O¢ tPY R ex-TDBUHNDID3 AoctodDBadd li8et gen€PD84+ CD34-
CD29 +++ +ﬁél-urgg-lé-rll-ic-l-a-iffefléﬁﬁation markers including Nestin, NSE, NFM, NCAM, MAP2,
10 mesodermal lineage genes, e.g. cardiomyogenic differentiation markers including
MyoD, GATA-4, and MLC-2a, and endodermal lincage genes, c.g. hepatic
differentiation makers including Albumin and HGF.
[0061] Example 2: Induction of Differentiation
[0062] (1) Vasculogenic differentiation
15 [0063] The AM-MSCs-CD34" cells at the number of 2 x10° at passage 5 were used
for the vasculogenic differentiation induction. Harvested cells were cultured in EGM-2
medium (Cambrex) for a 7 days induction. Analysis of the capillary formation was
performed using Matrigel (BD Biosciences). Specifically, after the induction culture,
the AM-MSCs-CD34" were trypsinized and plated onto Matrigel coated (Matrigel:
20 MI199 = 1:1) 24 well cluster, with a cell density of 10 cells per well. Capillary-like
structures were observed by optical microscopy after 2, 4, 24, and 48 hours in the
following 3 days.
[0064] (2) Cardiomyogenic differentiation
[0065] Sorted AM-MSCs-CD34" cells at passages 4-6 were harvested for induction
25  of cardiomyogenic differentiation. The AM-MSCs-CD34" cells were incubated
overnight in the growth medium [EGM-2:M199 (viv = 1:3) supplemented with 10%
FBS, and MEM nonessential amino acids (1x) (GIBCO)]. On the next morning, cells
were transferred into the cardiomyogenic differentiation medium, [IMDM (GIBCO):
Ham’s F12 nutrient mixture with GlutaMAX-1 (GIBCO) (v:v = 1:1) supplemented 2%
30 horse serum (GIBCO), 1x MEM nonessential amino  acids, 1x
insulin-transferrin-selenium (GIBCO)] with a cell density of 10* per cm’. After 6-8

hours, a cardiomyocytic differentiation agent, 5-azacytidine (Sigma) was added into the

11



+++ CD44 +++ +++ +++ +++ +++ +++ CD73 +++ +++ +++ +++ +++ +++ CDI0 +++ +++
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medium to make a 5 uM final concentration. 4ul/ml of 5-azacytidine (0.25 mM) stock
solution was added into the differentiation medium daily, and changed back to the
differentiation medium without S5-azacytidine on the day 4. On day six of the
differentiation assay, ascorbic acid (10" M) (Sigma) and TGF-Bl (I ng/ml)
5 (PeoproTech) were added to the medium. From this point forward, ascorbic acid and
TGF-B1 were supplemented every other days and twice weekly, respectively. The
medium were changed every 2~3 days, depending on the medium pH changes. Cell
debris should be removed by PBS washes, when medium changes. The Cardiomyogenic
AM-MSCs-CD34" cells were fixed for histochemical staining after 28-day
10 differentiation culture. By a 5-azacytidine myogenic induction, CD34" AM-MSCs (P5)
transdifferentiated easily into cardiomyocytes expressing MyoD, GATA-4, MLC-2a
genes (data not shown). After cardiomyogenic differentiation 28 days and examined
by histochemical staining, both CD34" and CD34~ AM-MSCs expressed myosin heavy
chain (MHC), but only induced CD34" AM-MSCs formed typical cardiomyocyte
15  morphology and expressed terminal differentiated marker Troponin T (data not shown).
[0066] (3) Hepatic differentiation
[0067] The expressions of hepatic differentiation cell markers were given in Table 1
below.

Table 1. Expressions of hepatic differentiation cell markers of AM-MSCs-CD34" cells

20  (passage 6).

Cell Marker AM-MSCs-CD34" Control

Gene DAPI 4+ NI
Cy3 (Albumin) -+ -
FITC +++ 3
(Cytokeratin)

Protein GAPDH +++ +++
Albumin +++ -
HGF ++ _

[0068] (4) Adipogenic, osteogenic, and chondrogenic differentiation

[0069] The AM-MSCs-CD34" cells obtained by the method as mentioned in
Example 1 and expanded passages 5-6 were used for multi-lineage differentiation
inductions. The adipogenic, osteogenic, chondrogenic, and neurogenic differentiation

25  protocols were used by the methods given below.

12



+++ +++ +++ Integrin a2131 +++ +++ +++ +++ +++ +++ E-cadherin - - - - - -
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[0070] The AM-MSCs or AM-MSCs-CD34" pre-conditioning in Dulbecco’s

modified Eagle’s medium (DMEM/LG, GIBCO) supplemented with 10% FBS

(Hyclone) were used for the lineage differentiation cultures shown as following:

1) Adipogenesis (AM): DMEM/LG medium supplemented with 10% FBS, 0.5 mM
5 isobutyl-methylxanthine, 1 pM dexamethasone, 10 uM insulin, 200 uM indomethacin.

2) Osteogenesis (OM): DMEM/LG medium supplemented with 10% FBS, 0.1 uM

dexamethasone, 50 uM ascorbate-2-phosphate, 10 mM B-glycerolphosphate.

3) Chondrogenesis (CM): DMEM/LG medium supplemented with 1% FBS, 6.25 ug/ml

insulin, 10 ng/ml TGF-B1 (R&D), 50 nM ascorbate-2-phosphate.

10 4) Neurogenesis (NM): DMEM/LG medium supplemented with 5 ug/ml insulin, 200
UM indomethacin, 0.5 mM isobutyl-methylxanthine. (Reagents used above for
differentiation were all from Sigma; St.Louis, MO)

[0071] For adipogenic, osteogenic, and neurogenic differentiation, the cell density
was 3x10" cells/cm®. For chondrogenic differentiation, a higher cell density of

15 1-2x10°/10 pl was used for chondrosphere formation. Medium was changed every
three to four days for all differentiation assays, and cells were fixed for histochemical
staining after 14 days of adipogenic, osteogenic, chondrogenic differentiation. After
14 days, intracellular oil droplets were formed under Oil Red O stain, and calcified
extracellular matrix was present and positive for von Kossa staining (data not shown).

20  In chondrogenic differentiation, AM-MSCs-CD34 " cells formed cartilage ball in 3 days.
AM-MSCs-CD34" cells cultured in neurogenic differentiation medium (Zuk’s protocol,
P4, Day 21) exhibited neural morphology and expressed neural markers including
Nestin, NSE, NFM, NCAM, and MPA?2, while AM-MSCs-CD34" cells did not (data not
shown).

25 [0072] (5) Neurogenic differentiation
[0073] Stepl: Neurosphere Formation: Cells were seeded at a density of 1000 per
well with neurosphere medium (NS medium). NS Medium: DMEM/HG/F12 (1:1) +
1x B27 + 20 ng/ml EGF + 20 ng/ml FGF2 +2 ug/ml Heparin. Primary neurospheres
(selecting mainly floating neurospheres) larger than 75 um were counted after 7 days in

30 vitro. Step2: Neural Differentiation Assay: Dissociated neurospheres to single cells by
trypsin-EDTA solution and culture the cells with: DMEM/F12 + 5% FBS for 24 hrs.

These cells were treated with specific neural cell differentiation medium. The medium

13
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used for neuronal differentiation was DMEM/F12 supplemented with 2% FBS, 10
ng/ml PDGF, 50 ng/ml BNDF, and 50 ng/ml GDNF. Fig. 3A is a schematic
illustration of neural and oligodendrocyte differentiation of CD34 sorted MSCs.

Fig.

3B is a schematic illustration of dopaminergic neuron differentiation of CD34 sorted

5  MSCs.

[0074] After 7 to 9 days, the differentiation capacity was verified by using

immunofluorescence staining (GFAP conjugated with FITC, Hochest 33258, and TuJl

conjugated with thodamine). ~ After primary neurosphere formation, CD34" and CD34
AM-MSC both expressed TuJl (neuron specific marker). However, the GFAP (glia

10 specific marker) expression was dim for CD34" AM-MSC induced neurons.

On the

other hand, some CD34~ AM-MSC induced neuron expressed GFAP, which suggests
that some induced CD34” AM-MSC cells differentiate into neurons while some of them

differentiate into glia cells. In B27 induction, CD34" AM-MSC expressed Galc, and

TuJ1, but not GFAP. For dopaminergic neuron differentiation, as detected by

15  immunofluorescence staining, CD34" AM-MSC induced neurons were TuJ1, TH, and

MAP2 positive, while only a small population of CD34~ AM-MSC induced neurons

expressed said markers (Fig. 4).

[0075] (6) Conclusion

[0076] CD34" AM-MSCs expressed ecarly genes and showed multipotent

20  differentiation potential. Specific gene expression of CD34" AM-MSCs is provided in

Table 2 below.
[0077] Table 2. Summary of CD34" AM-MSCs gene expression.

CD34" AM-MSCs
Ectoderm Mesoderm )
) ) ) Endoderm (Hepatic
Early Genes (Neurogenic (Cardiomyogenic ) o
) o ) o Differentiation)
Differentiation) Differentiation)

Sox-2 + Nestin + MyoD + Albumin +
Oct-4 + NSE + GATA-4 * HGF *
Rex-1 + NFM + MLC-2a * - -
Nanog + NCAM + - - - -
- - MAP2 + - - - -

14
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+++ - CD 146 +++ - +++ - +++ - [0082] The conpari son on cell norphol ogi es
and cell doubling tines of MCPCs and CD34- MSCs are given in Table 4 bel ow.
[ 0083] Tabwe 2412/05a39par i son of cell norphol ogy and cel |l deablisagiwserer Cel |
Mor phol ogy Cel|l Doubling Tinme AM MSC (CD34+/ CD34-) CD34+: shorter. CD34-:

| onger and thinner CD34+: 34hrs. CD34-: 42hrs. EnMSC (CD34+/ CD34-) CD34+:
shorter. CD34-: |longer and thinner CD34+. 33hrs. CD34-: 47hrs. GVBC
(CD34+/ CD34-) CD34+:. shorter. CD34-: |onger and thinner CD34+:. 32hrs.
CD34-: 45hrs. 5[ 0084] Potentials of endot heI [ aI di ffer entiation and
chondrogenic differentiati on of MCPCs and are 8| ven in Table 5

bel ow. [ 00E¥Fhbl Examplogk E#MSEsCIHH éﬁ&o?P/éﬁQSa@D%ﬁ foﬂé%r ait CREF OMSGhd
chondr ogenkigridicll Fishetthéronfe Tissues

[0079]
5 Taipei medical hospital and Dr. Wells Dental clinic follows the IRB guide line.

Primary endometrial and gingival tissues were collected from donors from

EnMSCs and GMSCs were obtained from endometrial and gingival tissues, respectively,
by similar process set forth in Example 1. EnMSCs and GMSCs were then subject to
CD34 sorting.

[0080] Phase contrast images of CD34 sorted human endometrium derived

10  mesenchymal stem cells (P5) are given in Fig. 5. The morphology of EnMSCs-CD34"
cells was very similar to AM-MSCs-CD34". Further, as provided in Table 3 below,
AM-MSCs-CD34" cells, EnMSCs-CD34" cells, and GMSCs-CD34" cells were
identified as having consistent profiling of cell surface marker expression.

Specifically, the mesenchymal common progenitor cells (MCPCs) of the invention were

15 CDI14", CD34", Nestin', CD117", CD133" (AC133"), SSEA3", and SSEA4". Further,
the MCPCs of the invention were also characterized as CD44', CD54", CD105",
CD146", or PDGFR".

[0081] Table 3. Cell surface markers expression of MCPCs and CD34™ MSCs.
Percentage of FACS markers expression: -1 0~20%, +: 20~40%, ++: 40~80%, +++:
20 80~100%.
AM-MSCs (P4) EnMSCs (P4) GMSCs (P4)
CD34+ CD34- CD34+ CD34- CD34+ CD34-
CD29 -+ -+ -+ -+ -+ 4+
CD44 +++ +++ +++ +++ +++ +++
CD73 -+ -+ -+ -+ -+ 4+
CD90 -+ -+ -+ -+ -+ 4+
CD105 -+ -+ -+ -+ -+ 4+
EGFR -+ -+ -+ -+ +++ +++
Integrin a2f1 -+ -+ -+ 4+ 4+ -+
E-cadherin - - - - - -

15



Endot hel i al

(CD34+/ CD34-) CD34+:

CD31+,

KDR+,
| ess CD34woO 2Bixygesoicarti | age bal |

CD34-:

Differentiation Chondrogenic Differentiati on AM MSCs
nore tube formation.
(Di ameter > 2x).

CD31+,

KDR+,

CD34PCThiSLath@5Earti | age

ball WD 2012/ 054501PCT/ US2011/ 056737 tube formation. (D anmeter < 100 nn).
EnVsSCs (CD34+/ CD34-) CD34+: CD31+, KDR+, nore tube formation. CD34-: CD31+,
KDR+, |ess tube formation. CD34+. Bigger cartilage ball (D aneter > 2x).
CD34-: Little cartilage ball (Diameter < 100 nm. GVSCs (CD34+/ CD34-)
CD34+: BT+, KDRF, fjore T uDE 1ormajion. CO34-: CO3IF, KORF, Tesg tube
formati on| CDER#4 Biqgef'tarfil age baltti{ Dilameter > 2¥). ¢D34-: little
cartil age| bal | 'amter < 1p0 nm. [0086] Conparijson of e¢nbryoni|lc gene
expressi op_of and€b34} MBCs are given ih Tabl €78 bélo MIPCs of the
i nvention|s trcnger enprygni c| gene expression than CD34 MBCs .
5[ 0087] Ta %gﬁﬂ: arison o e(r}rrbry ni Cgae e eioressijc))f\1 Far | v ne
Det ection| A g@ )34¢+QD34 ) L CD34+: ++§ox 2 +++, Cctm4 +1+, Rex-l +++,
Nanog +++ OX=od 4 (Pt -4 4+ Rox-1 bt kjaplog £+ Fr\l\/R(‘Q
(CD34+/ CD34-)C§IP34+. Sox:rz ++, Cct 14 #h+, |Rex=1 +H++,Nangg +++ (D34-:
Sox- 2 +++—et—4—++—tRex—31—+H++—Nanrbg—+
CD117 -+ - -+ - -+ -
AC133 -+ - +++ - ++ -
CD146 -+ - -+ - -+ -
[0082] The comparison on cell morphologies and cell doubling times of MCPCs
and CD34" MSCs are given in Table 4 below.
[0083] Table 4. Comparison of cell morphology and cell doubling time.
Cell Morphology Cell Doubling Time
AM-MSC CD34+: shorter. CD34+: 34hrs.

CD34-: 42hrs.

(CD34+/CD34-) CD34-: longer and thinner

CD34+: 33hrs.
CD34-: 47hrs.

CD34+: shorter.
CD34-: longer and thinner

EnMSC
(CD34+/CD34-)

CD34+: 32hrs.
CD34-: 45hrs.

CD34+: shorter.
CD34-: longer and thinner

GMSC
(CD34+/CD34-)

[0084]
MCPCs and CD34” MSCs are given in Table 5 below.
[0085]

differentiation.

Potentials of endothelial differentiation and chondrogenic differentiation of

Table 5. Potentials of endothelial differentiation and chondrogenic

Endothelial Differentiation Chondrogenic Differentiation

AM-MSCs CD34+: CD31+, KDR+, CD34+: Bigger cartilage ball

more tube formation. (Diameter > 2x).

(CD34+/CD34-)

CD34-: CD31+, KDR+, less | CD34-: Little cartilage ball
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GVBCs (CD34+/ CD34-) CD34+: Sox-2 +++, Cct-4 +++, Rex-1 +++, Nanog +++
CD34-: Sox-2 +++, (Qct-4 ++, Rex-1 ++, Nanog ++ [0088]Potentials of

neur ogeniwodnfAsuzemt i at i on and car di onyogeni ¢ di f f er ent iPariusno10f05dvEPCs and
CD34- MSCs are given in Table 7 bel ow. The cardi onyogeni c nmarker

I mmunof | uorescence staining i mmges of EnMSCs are as shown in Fig. 6.

10[ 0089] Tabl e 7. Potentials of neurogenic differentiation and

cardi onyogenic differentiation. Neurogenic Differentiation Cardi onyogenic
D fferentfation VO %1%9 Ub4bUL|-’u/ UbZULé%Ubb /5/ CS (CD34+7 TD34-)
CD34+: Neptin+, Tull+ p| cal neuf I n Heavy Chai n+,
Troponin [[+. CD34-: Mosin Heavy Chai n+, [roponin T-. form ng Cp34- :
Nest i n+, u\EJMéI ess+), |GFAP-  EnMSCs ( CD341{+H CD34H5) CD34+; Nestin+, Tull+,

GFAP-, nelFB¥phere- 1 i k& BiuePile KREB34+: | MPodT l%ﬁwléﬁépﬁh Troponin T+.
CD34-: Mpsi M@ ddd ubd FRRAMIN T- . fhetfer NESE i N+, TuJl+, GrAP-
QVBC (00343‘#%!?@%&3 4+: Nestin+, Tull+, @ip-, )
CD34-: CD31+, KDR+, less CD34-: Little cartilage ball
tube formation. (Diameter < 100 um).
GMSCs CD34+: CD31+, KDR+, CD34+: Bigger cartilage ball
(CD34+/CD34-) | more tube formation. (Diameter > 2x).

CD34-: CD31+, KDR+, less | CD34-: Little cartilage ball

tube formation. (Diameter < 100 um).

[0086] Comparison of embryonic gene expression of MCPCs and CD34” MSCs are
given in Table 6 below. MCPCs of the invention showed stronger embryonic gene
expression than CD34” MSCs.

S [0087] Table 6. Comparison of embryonic gene expression

Early Gene Detection
AM-MSCs CD34+: Sox-2 +++, Oct-4 +++, Rex-1 +++, Nanog +++
(CD34+/CD34-) CD34-: Sox-2 +++, Oct-4 ++, Rex-1 ++, Nanog ++
EnMSCs CD34+: Sox-2 +++, Oct-4 +++, Rex-1 +++, Nanog +++
(CD34+/CD34-) CD34-: Sox-2 +++, Oct-4 ++, Rex-1 +++, Nanog ++
GMSCs CD34+: Sox-2 +++, Oct-4 +++, Rex-1 +++, Nanog +++
(CD34+/CD34-) CD34-: Sox-2 +++, Oct-4 ++, Rex-1 ++, Nanog ++

[0088] Potentials of neurogenic differentiation and cardiomyogenic differentiation
of MCPCs and CD34” MSCs are given in Table 7 below. The cardiomyogenic marker
immunofluorescence staining images of EnMSCs are as shown in Fig. 6.

10 [0089] Table 7. Potentials of neurogenic differentiation and cardiomyogenic

differentiation.

Neurogenic Differentiation | Cardiomyogenic Differentiation
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neur osphere-1li ke structure. CD34+: Mosin Heavy Chain+, Troponin T+. CD34-:
Myosi n Heavy Chain+, Troponin T-. CD34-: Nestin+, TuJl+, GFAP-

[ 0090] CDw¥6 2MBOs43an be enriched from many ot her somati @Critssuads&stor di ng
to the nmethod of the invention. Normally, only 2-3% of MSCs are CD34+.
After isolated and enriched in culture, percentage of CD34+ MSCs rangi ng
from1l5%to 78% 5 depending on which tissue they were isolated fromand the
donor (See Table 8 below). The culture-enriched CD34+ MSCs can be subj ect
to FACS cplT sorting for _further enrichimept_to obtain _a popul ation|of MSCs
enri ched WAMIMESS% or m“@%mv@lﬁ[009§P34‘55\4@581prgﬁﬁ§nt of

St ent pr ogprinor/omskel Eid-depieal agienssi opdrapanipiiran Ti ssue MSCs %|Enri ched
Mar ker Tipsues % CD34+ famiee Enri chment i n| COB#uMyosin:HNGOMNatiat, TIit|A tta:
Ammi on 48| -53 (-50) Cluw334omNedn+ 62 (-51) Trogoiihiri.cal Cord 34
TuJ1(less+), GFAP-

EnMSCs CD34+: Nestin+, TuJ1+, CD34+: Myosin Heavy Chaint,
(CD34+/CD34—) GFAP-, TI‘OpOl’lin T+.
neurosphere-like structure. CD34-: Myosin Heavy Chaint+,
CD34-: Nestint, TuJ1+, Troponin T-.
GFAP-
GMSC CD34+: Nestin+, TuJ1+, CD34+: Myosin Heavy Chaint,
(CD34+/CD34—) GFAP-, Troponin T+.
neurosphere-like structure. CD34-: Myosin Heavy Chaint+,
CD34-: Nestint, TuJ1+, Troponin T-.
GFAP-

[0090] CD34+ MSCs can be enriched from many other somatic tissues according to
the method of the invention. Normally, only 2-3% of MSCs are CD34". After
isolated and enriched in culture, percentage of CD34" MSCs ranging from 15% to 78%
5 depending on which tissue they were isolated from and the donor (See Table 8 below).
The culture-enriched CD34" MSCs can be subject to FACS cell sorting for further
enrichment to obtain a population of MSCs enriched with 99% or more CD34+ MSCs.

[0091] Table 8. Enrichment of Stem/progenitor marker and gene expressions in

Human Tissue MSCs
% Enriched .
% CD34" MSCs
Marker
) Enrichment in Culture
Tissues

Amnion 48 ~53 (~50)
Chorion 40 ~ 62 (~51)
Umbilical Cord 34 ~ 45 (~40)

Endometrium 45 ~78 (~61)
Gingiva 27 ~35 (~31)
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- 45 (-40) Adult: Somatic:, Endonetrium 45 - 78 (-61) G ngiva 27 -35
(-31) Bone Marrow 20 -30 (-25) Adipose 15 - 30 (-23) [0092] Exanple 4:
MCPCs as Woedevos@iil s [ 0093] MCPCs of the invention werePa3al2ti0/0p67@¢pare a
stromal feeder for expansion of hematopoietic stemcells (HSCs). Stronal
cells (M5-5, or MSCs) were seeded in 5 plate and wait for confluence to
becone feeder. 2-4x 104 CD34+ nmononucl ear cells (MNCs) were co-cultured
with feeder in 1 m HSC nedium (X-VIV0O10 + 50 ng/m SCF + 50 ng/m Flt-3L +
(20 ng/ MY TOQ R MvEEWt 10 nddod3ollaf) . ATter days or 14 days, suspension
cells were counted and subjlected to flow cytofretry analysis (for
CD34+CD381, CREpsCD133+, COY+CHORZY), etc.).

[0092] Example 4: MCPCs as Feeder Cells
[0093] MCPCs of the invention were used to prepare a stromal feeder for expansion
of hematopoictic stem cells (HSCs). Stromal cells (MS-5, or MSCs) were seeded in
5  plate and wait for confluence to become feeder. 2~4x10* CD34" mononuclear cells
(MNCs) were co-cultured with feeder in 1 ml HSC medium (X-VIVO10 + 50 ng/ml
SCF + 50 ng/ml F1t-3L + (20 ng/ml)10U/ml TPO + 10 ng/ml IL-6). After 7 days or 14
days, suspension cells were counted and subjected to flow cytometry analysis (for
CD34+CD38-, CD34+CD133+, CD34+CXCR4+, etc.).

10 [0094] The results are shown in Fig. 7. When co-culturing with the MCPCs
(AM-MSCs-CD34" cells) feeder, more engrafting CD34+CD38- primitive HSCs were
obtained, as compared to murine MS-5 feeder or MSCs-CD34" feeder.

[0095] Although the present invention is illustrated by the above embodiments,
these embodiments are not used to limit the present invention. It will be apparent to

15  those skilled in the art that various modifications and variations can be made to the
structure of the present invention without departing from the scope or spirit of the
invention. In view of the foregoing, it is intended that the present invention cover
modifications and variations of this invention provided they fall within the scope of the

following claims and their equivalents.
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10[ 0094] The results are shown in Fig. 7. Wien co-culturing with the MCPCs
(AM MSCs- CD34+ cells) feeder, nore engrafting CD34+CD38- primtive HSCs
wer e obt avoedi2/@ssoconpared to nmurine M5-5 feeder or NMSCRCTDB4011f08@der .

[ 0095] Al t hough the present invention is illustrated by the above

enbodi nents, these enbodi nents are not used to limt the present invention.
It will be apparent to 15 those skilled in the art that various

nodi fications and variations can be made to the structure of the present

i nvention wiAow cdaparbiigg fromthe scope or spirit of the invention. In
view of the foregoing, it is intended that the present |nvention cover

nodi fi cati éns and\ £ATighef oRPUbHIon hpls MHLRARNE oM IPAIO WYY ARy CPBIP Wi t hi n

the scope of p&&%nift&l l.omd ner@ @), mMeviAdd ddeidbniBRYl Y@l fBdcichymMAkrdmal CLAI MED
I'S: 1. An enriched popul ation of nultipotent human nmesenchynal conmmon

progeni t or ceéteanEproganposgellswiiving a4 feest the fllomingdharciedgisnctl) Hal CB84 onal
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5. The enriched popul ation of nul ti potent human Cs .according to claim1,
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8. The enriched population of multipotent human MCPCs according to claim 1,
25 which has the potentials to differentiate into ectodermal cells, mesodermal cells, and
endodermal cells.
9. The enriched population of multipotent human MCPCs according to claim 1,
which has the potentials of adipogenic differentiation, osteogenic differentiation,
chondrogenic  differentiation, neurogenic  differentiation, cardiomyogenic
30 differentiation, endothelial differentiation, and hepatic differentiation.

10. A method for producing the enriched population of multipotent human

MCPCs according to claim 1, comprising:
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MCPCs according to claim1, conprising: isolating froma human somatic
tissue by a system c screening of human nesenchymal stronmal stem progenitor
cells folwowerk/isysoa cell sorting by a cell antigen sel eeCeaskoosd7de gr oup
consisting of CD34, CD117, CD133, CD201, d oboH and conbi nation thereof;
and 5culturing in a medium supplenmented with at | east one or nore steroids
and one or nore growh factors. 11. The nethod according to claim 10,
wherein the human somatic tissue is selected fromthe group consist of

ami on, chor i oRelatDiffonf @l h&Rdd soBAROTRLE IByM: GhBRIIY dreenhRNBf MBMEAW, and
adi pose 1012. The nmethod according to claim10, wherein the cell sorting is
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accordi ng t 0 4afi@hMecldicd hgh &hd gtrchﬁ SnSik@idof ©rane ceahecepdss ramdine group
consisting of a corticosteroid, cholesterol and conbination thereof 14. The

met hod accor dilppH thdeombimation thoykel &idy t he growth factor is one selected 15

fromthe group LSt . | | i Feel i | ast
ar ont b Tact or (LA ) e R R Aol By Skl meer
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enriched popul ati PR of nul tiaﬁgg(&ant human MCPCs according to claiml. 17. A
't

stem cel | ni Gt W@drtﬁ%rrl? rélflrrrlogv" e “eRr¥ched popul ati on of nultipotent human

MCPCs agcoizli ng t @helatthod seedmd an chimcadf odhdreii?2She cell sorting is a
fluorescence-activated cell sorting (FACS) flow cytometry.
13. The method according to claim 10, wherein the steroid is one selected from
the group consisting of a corticosteroid, cholesterol and combination thereof.
14. The method according to claim 10, wherein the growth factor is one selected
15 from the group consisting of epidermal growth factor (EGF), fibroblast growth
factor (FGF), insulin-like growth factor (IGF), insulin, platelet-derived growth
factor (PDGF), IL-6, thrombopoietin (TPO), and combination thereof.
15. A composition comprising the enriched population of multipotent human
MCPCs according to claim 1, which are encapsulated in alginate.
20 16. A feeder cell layer for stem cell culture comprising the enriched population
of multipotent human MCPCs according to claim 1.
17. A stem cell niche comprising the enriched population of multipotent human

MCPCs according to claim 1 seeded on a scaffold.
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